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DESCRIPTION 
1 . TITLE 

Organic materialc with non-linear optical proper Li« a and a 
process for their metnuldcture . 

2_._ WHAT IS CT AIMED IS t 

1. Organic materials with non-linear opLicjdl properties, 
characterized in lhaL there is formed onto a thin film of a 
golid phase polymerizable aliphatic' 1 diacetylene, which has 
been able to form a crystalline macromolcculc by solid phase 
polymer i zation, laminated layers of molecules having a benzene 
ring frdiuewyik, which is a n-electron conjugated system, with 
its two ends having an ft 1 ect-ron-dnnati ng group and an 
electron-accepting group. 

2. Organic materials with non-linear optical properties, 
characterized in that there is? formed, by a vacuum deposition 
process, onto a thin film of a solid phase' 2 polymerizable 
aliphatic diacetylene, which has been able to form a 
crystalline macromolecule by solid phase' 3 polymerization, 
layers of molecules having a benzene ring framework, which is 
a 7r-electron conjugated system, with its two endc having an 
electron- donating group and an electron- accepting group. 

3. BACKGROUND OP TWP INVENTION 
(indugtrirt Field) 

The invention relates to thin films of materials with nun- 
linecii optical properties and to a process for their m=mu- 
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( Description of t he Kela ted Art ) 

Organic rompni.mds having electron-donating and electron- 
accepting groupc interacting via a n-electron conjugated 
system are receiviny dLLention as materials with non-linear 
optical properties from the viewpoints that they exhibit very 
nrnrh greater non-linear optical properties than inorganic 
compoundc and organic compounds and also that they have the 
potential for comparatively free molecular designs. 

Hnw^ver, it i= necessary to crisnt these organic molecules and 
make them crystalline, in order to use these non-linear 
optical rnaiexidls lor practical devices which will produce 
non-linear optical properties, such as s^cnnH h^rmonrc.?, in 
amounts. The conventional Langrmiir-Blodgett (LB) procecc 
ie already known ao a process for the formation of thin 
oriented organic films. This process is characterized in that 
an organic molecule having, on the one hand, hydrophilic 
groups and, on the other hand, hydrophobic groups, deployed in 
a unimolccular form on a water surface, is in a condition 
whereby the organic molecule is standing perpendicularly on 
the water surface and is accumulated onto a suitable 
uubuLiuL*. iL ii usually puywlble LO Obtain thin i ilme m 
which the axes of the organic molecules are oriented in a 
direction perpendicular to the substrate. 

However, there are the following restrictions on the organic 
moleculec uced in the LB proccoa. Firstly, in order to express 
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necessary to carry out design and synthesis such Chat there is 
a balance between the hydrophilic and hydrophnhi r groups at 
the two e.nris nf the organic molecule being used, which has 
long chain alkyl groups frameworks. Also the long chain alkyl 
groups extend over a few Lena of Angstroms, so that weak 
structural interactions at the two ends are not prevented. 
Furthermore, it cannot be disregarded that there are 
reetrictiono on the materials, in order for the manuf auluring 
stages to be wel processes and that it takes much time to make 
a specified thickness, so that there is f orm^tTon of a uni- 
mnlecular layer _ 

As well as the Lanytimir-Blodqett process, there is also the 
vacuum deposition process for forming thin tilms. Tht* varvum 
deposition process is a dry process and it has recently become 
the general proccoo for forming thin films of organic 
compounds . However, il is generally not easy to control the 
orientation of the molecules in this vacuum deposition 
Process. This is a major problem when it is a result of the 
situation that it is impossible to select combinations of 
substi'ates for forming Ihiu films and film substances whose 
crystal structures and lattice constants are closely similar-, 
j..t 1U. lliu. rilma iliftift am Uiuup 1U B5mlC an^uctors r 
compound ocmiconductors or inorganic compounds in general . 

in order to solve this, there are processes for controlling 
the orientation of deposited organic molecules by ucing, for 
example, uniaxially otrctched oriented polyester films as 
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(Problem s to be solved by the invention ) 

As described in the previous Section, the common problem 
presented with the related art is that it is difficult Lo 
obtain the substrates needed lor the formation of the thin 
films, when good quality thin crystalline films *rp formed by 
either of the thin film-forming processes, the LB procc33 or 
the vacuum depooition process. The purpose of the invention is 
to provide thin film* of organic materials with non-linear 
optical properties, whose vacuum-deposited organ i r. molecules 
are oriented to a high degree and whose non linear optical 
propertico arc large, by using, as substrates for vacuum 
deposition, substrates comprising organic macromolecular 
materials whose affinity with vacuum deposited organic 
mnl prul p« is high And which aro highly crystalline and highly 
oriented, without the 3ub3trate3 being formed from inorganic 
molecules, which have greatly differing chemical properties 
and geometric shapes, while using the vacuum deposition 
process, which is a practical means of thin film formation. 

(The Means of Sol vino the Problems) 

The invention, in order to realize the aforementioned purpose, 
i ' . .miUbuliJ fi-iu. 

1. Organic mater ials with non-linear optical properties, 
characterized in that there is formed onto a thin film of a 
solid phase polymeri zabl» aliphatic diacetylene, which has 
been able to form a cryotallinc macromolcculc by solid phase 
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ring framework, which is a n-eleetron conjugated system, with 
its two ends having an electron-donating group and an 
electron- accept i ng group and 

2. Organic materials with non-linear optical properties, 
characterized in that there is formed, by * vacuum deposition 
pror^ss, onto a thin film of a solid phace polymcrizable 
aliphatic diacctylcnc, which has been able to form a 
crystalline macromolecule by solid phase" polymerization, 
layers of molecules having a benzene ring framework, which is 
» ^-electron conjugated sys:t-«m, with its two endu having an 
electron-donating group and an electron-accepting group. 

(Bttects) 

Th^t is, it is recalled that, according to the invention, thin 
films of organic materials with non-linear optical properties 
can be provided, by layiny duwxi layers of deposited molecules 
oriented in a set direction, using solid-phass poiymerizable 
aliphatic diac^tylene compounds, from which highly cryctallinc 
thin filmo con be obtained, as substrates and using, as the 
deposited molecules, muleculea having an aforementioned n- 
electron conjugated system, whose two ends have an *i*ritron- 
H onaMng g y mip itH k b I^Iauu uuLBpLiiij ijmuy. 

It is puyaible Lo prescribe the direction of orientation of 
the deposited molecules by using as * substrate, a thin film 
comprising an aliphatic diacetylene which has been able to 
polymerize in the oolid phase, but the molecules have a 
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substrate aiiyiny from the Langmuir-Blodgett process and thp 
orientation of the molecules ha* the potential to be 
controlled by the functional groups ueed in the side chains of 
the aliphatic diacetylenes used as substrates ac<juxdiny to the 
invention. 

The solid phase polymerizable aliphatic diacetyl php compounds 
uncording to the invention have aliphatic functional groups at 
the two ends of the diacetylenes and arc readily polymerized 
in the solid phase by heat or liqht, especially ultraviolet 
light, and the formation of crystals is targeted. Th* reactiv- 
ity, for example, the rate of polymerization, of a diacetylene 
ic known to be regulated in general by the types and sizes of 
side chain functional yiuups, but the crystalllnity, on the 
other hand, depends on the chemical nature of the side nhsin 
functional groups. The chemical formulae of the aliphatic 
diacetylene compoundc may generally be written as R-C=C-OC-R # 
and desix-able specific embodiments have R = -(CH,)„CH\, R' = 
-CH 3 OH, - (CH 3 ) a COOH, - <CH a ) jOCUNH (ChJ n Ch 3 , or R = R' - -(CH a ) w OH, 
- (^J^OrONKtCHJ.CR, or the like- The length and si2e of these 
eide chain functional groups influence the size of the 
macromolecular crystal lattices and the -OH group and rhe 
urethane group -OCOnh- act as important factors in controlling 
the degree of crystallinity of the macromolecular cryetale, 
due to their participation in the formation of intra- and 
inter- molecular hydrogen bonds. The thicJcnesses of the films 
or these solid phase polymeri2aMe aliphatic diacetylene , 
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especially limited. These diacetylenes which are used as 
substrates may be employed adhered to quart-.* gia^s, compounds 
Which are semi nnnHuctors, or metals, in order to bond them to 
optical elementc. The formation of the substrate may either be 
by coating a solution, ur by a deposition process, ^'rom the 
viewpoint of uniformity and the likie, a deposition process is 
desirable, but, where there are accompanying difficulties, for 
example, f rom thermal decomposition, there may naturally be 
coat 11*19 from sol u lion . 



A description will next be given of the non-linear organir 
deposition mr> I ernl es , in which the electron-donating and 
electron-accepting groups at the two endo interact via the tc- 
clectron conjugated systems. 

The 7t-electron conjugated systems used according to the 
invention are desirably bensene, 1 , 2 -diphcnylcthylcnc, 1,2- 
diphenylacetylene and 1 , 4 -diphenyldiacetylene . The elecLrou- 
dunaLiny groups may typically be: amino groups; N-alkylamino 
groups, typified by N-methylarnino groups; w, V-dialkyl amino 
groups, typified by N, N-dimethylamino group c ; hydroxy 1 groups 
and alkoxy groups. Examples of the electron- accent i no cj r-m u >w 
which may be qiven are: nltro groups, cyano groups, thiocyano 
groups, aldehyde groups, rarboxyl groups and carbonyl groups. 

Specific embodiment compounds whi^h may be yiven, without the 
invention beinq especially limited to these compounds, are the 
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nitroanilinc, 1 [4' N,N' - dime thy 1 ami nopheny 1 ] -4- (4" -ni Lxuphea- 
yl) diacetylene, i//e?L<i -dinitrobenzene , 2-bromo-4-nitroaniline, 
formylnitrophenylhydrazme and rh tro-4-phpnyl-N- (methylcyano- 
methyl ) amine . 

The depo^ilion process for the molecules being deposited 
according Co the invention is nr>t specially limited, but, in 
order to express the orientation and optical properties well, 
it is desirable to have the thicknesses of the deposited films 
dpproximaLely 100 A to 10 ^m. It is undesirable to have 
markedly high temperatures tor t-h*» Hppnpi tion: this avoids 
decomposition of the organic compounds. 

(Examples) 

The invention will be explained concretely below by means of 
Kxamples of its execution. 

Tabic 1, lists the names, chemical formulae, formation pro- 
cesses, formation leiuperciLuies and film thicknesses of the 
solid phase polymerizable aliphatic diacetylenes used. 
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(Blank space below) 



Xable 1 



Name 


Chemical formula 


formation Process 


Formation 
Temperature 


Film 
Thickness 


4,6-Decadiyne- 1,10 diol 


R C=C C-C-K 
R = (CHJj-OH 


Vacuum deposition 


110°± 10"C 


400 A 


'iy>cosa-(10J2)-diynoic acid 


R = (OtyyCH, 
^-(CU^COjH 


Vacuum H**pncifion 


50° -h io°C 


400 A 


Diatciyjene-^t-buioxy^carbon- 
ylmcthylurethane 




Vacuum deposition 


>no°r 


4oo A 



Thee© were all formed onto quarts glass. After forming each 
substrate, polymerizat ion in the solid phase was promoted by 
irradiation with ultraviolet light, using a 200 w mercury lamp 
in air. The crystal 1 inity of each polydiacetylene sample was 
ascertained using X-ray diffraction when the solid phase 
polymerizations were finished. Just the (0, 2a, 0) reflections 
were observed for each material: the powdered raw materials 
showed clearly diff^r^nt orientation properties. 

using each of tnese solid phase polymer iz able aliphatic poly- 
diacetylene crystalline thin films as substrates, 2 -methyl -4- 
nitrnamlinfl (VTWA) , which is an organic material with non- 
linear optical properties, wa3 vacuum deposited at 2 x 10" s 
torr. The substrate temperature was room temperature and the 
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raw material temperature was 90*0 The thicknesses of the 7- 
mcthyl-4-nicrudJiiline films deposited were 500 to 5000 A, 

The orientation of the cryctala of 2 -methyl -4 -nitroouiiline 
depoeitcd on the crystalline macrotnolecular thin films were 
evaluated by means of X-ray diffraction. For comparison, the 
2-methyl-4-nitroanil in* organic material with non linear 
optical properties was vacuum deposited onto a subsLrate of 
untreated quartz glass, which had not had a solid phase 
polymeric polyacetylene described according to the invention 
deposited or rr>Ar*H onto it and this was *ppraieed by mcan3 of 
X-ray diffraction. The recult3 are given in Table 



Nambcr 


Name 


CompouiiO Debited 


Dtgrrc of Orientation or Compound Deposited* 


I 


4,6-Pccadiyne-J.lCKdiol 


2-Methyl-4-n itroanilinc 


>S 


7 


Trirnca-(] 0 p 12)-<iiynoic acid 


2-Methyl-4-nitroam']me 


>5 


3 


Diacety]ene-i-butox^ ? *C4J Uouy]- 
methyl urethanc 


2*Mc \hy 1 -4-ni trpani 1 in c 


>5 


4 


Quartz jtass 


2 -Methyl -d-nitroan i \ m e 


2 



*The degrp* of orientation ig defined ae the ratio of the (112) 
diffraction intensity to (020) diffraction intensity obtained 



ipy X-ray dif f iaeLiua . 



Here the strength of the (112) reflection ehowo how closely 
parallel the 2 methyl-4-nitroaniline molecular surface is to 
the polydiacetyltmt: crystalline thin film substrate and the 
strenqth of the (020) reflection expresses the Hpnqity *-h* 
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2-methyl-4-nitroaniline, which is in Uie condition that the 
molecular surface iy oriented perpendicularly to th* substrate 
surface. In the process according to the invention, it i 3 
posfiiblp to realize positioning whereby the molecular surface 
has an orientation parallel to the substrate, unlike the 
Langmuir-BlodyeLL process, where the positioning of the 
molecules is perpendicuJ ar to the substrate. It was discovered 
that those trends are clearly increased with solid plmye 
polymcrizable aliphatic diaceiylene crystalline thin film 
substratea . 



(F,ff Arrg 0 f the Invention ) 

It io possible to orient molecules of n-electron conjugated 
systems Winy electron-donating and electron-accepting groups 
at their two ends in a set orientation, by depositing these 
molecules onto a substrate comprising cryotallinc deposits or 
cryctallinc coatings of solid phase polymer izdb It; aliphatic 
polydiacetyleney according to the invention. 

Representative: Patent Attorney T. Sugiyama (1 other person) 
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Translator's Report/Comments 


Yourref: JP2183230 Your order of (date): 9/n/oo 




In translating the aDove texi we have noted tha following apparent errors/unclear 
passages which we have corrected or amended: 






Page/poro/llne* 


mm Ant 










1. Throughout this Specification, the description 
u dliphctLic diacetylenes" refers to diacetylenes 
substituted wiLh aliphatic qroups as described on 
page 7 of Lhia txarislation. 










2. The Japanese says "inherently". 










3. The Japanese says ^intrinsic" . 










4. The Japanese oaya *3olid layer 
polymerisation* . 










5. The Japanese says "Byf oxy" . 












I 






' tws oemmcaflon refers to tnc source text Please note that me first paragrapn is taken to oe. wnere relevant, tne end ponton ot a 
paragraph starting on the preoetfing paoe. Where the paragraph Is stated, the fine number relate* tn the parti'mis* par^raph 

Where no paragraph ^ staled, fr* hn* number refer* to the poge margin fine number. 1 
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